A prospective, randomized study was undertaken to compare the use of Earle's balanced salt solution (EBSS) prepared 'in house' with that produced commercially, in 448 cycles of therapeutic in-vitro fertilization. Outcome was assessed in terms of fertilization and cleavage rates, embryo morphology, and implantation rates following embryo transfer. The only differences that were found between the two media in any of the outcome parameters were in the number of cycles with failed fertilization (1/218 in 'in house' medium compared with 10/230 in commercially prepared medium; P ⍧ 0.0186), and in the rate at which embryos cleaved. Thus, while the median number of blastomeres per embryo was no different in the two groups at 46-49 h post insemination (three in embryos cultured in 'in-house' medium, compared with four in those cultured in commercially prepared medium; P > 0.1), the number of embryos per cycle that had cleaved to the 4-cell stage by 46-49 h post insemination was significantly greater in the Medi-Cult than in the EBSS medium (P < 0.001).
Introduction
The culture media used for therapeutic in-vitro fertilization (IVF) may be prepared either 'in house' or commercially, when they are supplied ready to use and specified for use in IVF. The disadvantages of preparing media 'in house' include batch-to-batch variation, the difficulty of establishing reliable quality control, and the labour-intensive nature of its preparation. Although these disadvantages are offset by the fact that the composition of 'in-house' media is defined, they have led to increasingly widespread use of commercially-prepared media. However, while the convenience of commercial preparations is undisputed, they are costly and their composition may not be clearly defined. Moreover, a direct comparison of media from each source, in terms of IVF outcome, has yielded inconclusive results (Staessen et al., 1994) .
We report the results of a prospective, randomized study comparing two culture media based on Earle's balanced salt solution (EBSS), one prepared 'in house' (EBSS) and the other commercially (IVF Medium; Medi-Cult, Redhill, Surrey,
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© European Society of Human Reproduction and Embryology UK), used for therapeutic IVF. These media differ from each other only in terms of the concentration of sodium pyruvate, the antibiotic content, and the nature of the protein supplement used. The outcomes of treatment cycles were compared in terms of fertilization and cleavage rates, embryo morphology, and implantation rates following embryo transfer.
Materials and methods

Patients
All couples undergoing therapeutic IVF at the Assisted Conception Unit of King's College Hospital were included in the study provided the female partner was less than 38 years old, the male partner had semen that was normal according to WHO (1992) criteria (count ജ20ϫ10 6 /ml; progressive motility ജ40%; normal forms ജ30%), and had achieved fertilization of at least one oocyte in any previous cycle of IVF. Pituitary suppression and ovarian stimulation, using luteinizing hormone-releasing hormone analogue, human menopausal gonadotrophin and human chorionic gonadotrophin (HCG), and oocyte retrieval were carried out as described previously (Waterstone and Parsons, 1992) . Couples were randomized by random sampling, with replacement prior to administration of HCG, to IVF and embryo culture either in 'in house' prepared EBSS, or in the commercially prepared nearest equivalent (Medi-Cult). Fertilization was assessed at 18-20 h post-insemination (hpi) and oocytes showing two pronuclei (2PN) were transferred individually to fresh, pre-equilibrated 20 µl drops of the appropriate medium overlaid with light paraffin oil for further culture.
Embryo morphology
Embryos were scored between 45 and 48 hpi for cleavage stage and morphology, according to the symmetry of the blastomeres and degree of extracellular fragmentation. Embryos with 'good morphology' had regular, spherical blastomeres and Ͻ10% fragmentation (grades 4 and 3, Bolton et al., 1989) , and those with 'poor morphology' had irregular-shaped blastomeres and/or Ͼ10% fragmentation (grades 2 and 1, Bolton et al., 1989) .
IVF outcome
Embryo transfer was performed between 46 and 49 hpi with a maximum of three embryos. In cases where three or more embryos with good morphology were available, couples either elected to have only two embryos transferred, or, as part of a separate study, were randomized to have either two or three embryos transferred. A urine pregnancy test was performed 14 days later using a commercial kit (Clearview ® ; Unipath, Bedford, UK), an ultrasound scan was performed 3 weeks following embryo transfer to establish the number of intrauterine gestation sacs, and clinical pregnancy was confirmed 2 weeks later by the identification of one or more fetal hearts using ultrasound.
Statistical analysis
Statistical analysis was performed using the χ 2 test with Yates' correction, and the normal approximation for the two-tailed MannWhitney test. Power analysis was used to ensure that a sufficient number of couples was studied in order to demonstrate a significant difference in the pregnancy rates if one existed. Significance was set at P Ͻ 0.05.
Results
A total of 448 treatment cycles was included in the study, the oocytes from 218 of which were cultured in EBSS, and from 230 of which were cultured in Medi-Cult; the characteristics of these cycles and the outcome of insemination in vitro are summarized in Table I . The two groups did not differ significantly either in terms of the age of the female partner, or in the number of oocytes collected per cycle.
Culture medium batches
The study took place during a period of 13 months, during which a total of 29 batches of EBSS and 19 batches of Medi-Cult were used. The mean number of treatment cycles per batch was 7.5 (range 2-14) in the EBSS group, and 12.1 (range 4-23) in the Medi-Cult group. There were no significant differences between the batches of each medium in terms of fertilization, cleavage rate, embryo morphology, implantation or pregnancy rates (data not shown).
Fertilization
There was a significant difference between the EBSS and Medi-Cult groups in the incidence of cycles in which no oocytes were fertilized (failed fertilization; 1/218 and 10/230 respectively), although there was no difference in the overall fertilization rate per cycle (Table I ). Among the cycles in which fertilization was achieved, there was no significant difference between the two groups in the number of oocytes fertilized per cycle, or in the fertilization rate per cycle. The number of oocytes per cycle that developed more than two PN, and the number of cycles in which polyploid embryos developed, did not differ between the two groups. In the case of the single cycle which resulted in failed fertilization in EBSS, a further 13 cycles were undertaken in the same batch of medium. Of the 10 cycles that resulted in failed fertilization in Medi-Cult, four were undertaken using the same batch of medium; however, a further 12 cycles in which the same batch of medium was used resulted in fertilization. The remaining six failed fertilization cycles were distributed among five different batches of Medi-Cult.
Cleavage and morphology
The cleavage characteristics of the oocytes that developed 2PN are shown in Table II . There were no differences between the two groups in terms of the number of embryos that failed to cleave, the number of cycles in which at least one embryo arrested at the pronucleate stage, the number of embryos with good morphology that developed per cycle, the number of cycles in which at least one embryo developed with good morphology, or the number of embryos with good morphology that had cleaved to the 4-cell stage by 46-49 h post insemination. However, there was a significant difference between the two groups in terms of the rate at which the embryos underwent cleavage, with significantly more embryos per cycle cleaving to the 4-cell stage within 46-49 h of insemination in MediCult than in EBSS (P Ͻ 0.001; Table II) , although the median number of blastomeres per embryo was not different.
Embryo transfers and pregnancies
A total of 419 embryo transfers was performed, 205 of which were in the EBSS group, and 214 of which were in the MediCult group, the details of which are shown in Table III . Twelve cycles were abandoned before embryo transfer in the EBSS group, compared with six cycles in the Medi-Cult group, because the embryos which developed were not suitable for transfer. The reasons for this included: failure to undergo the first cleavage division (arrested at pronuclear stage), and inability to identify blastomeres because there were too many extracellular fragments, caused by disintegration. This difference was not significant. When cycles with no fertilization were combined with those in which no embryo transfer was performed despite fertilization, a total of 13/218 cycles failed 1844 to reach embryo transfer in the EBSS group, compared with 16/230 in the Medi-Cult group. This difference was not significant (χ 2 test). There were no differences between the two groups in terms of the number of cycles with one, two or three embryos transferred, the number of embryos available per cycle with good morphology (data not shown), the number of cycles in which three or more embryos with good morphology developed, or the number of cycles in which four or more embryos with good morphology developed. There was no difference in the incidence of positive HCG (P ϭ 0.25; χ 2 test; power ϭ 0.86), pregnancy confirmed by ultrasound (P ϭ 0.14; χ 2 test; power ϭ 0.78), or clinical pregnancy (P ϭ 0.15; χ 2 test; power ϭ 0.79) between the two groups.
Implantation
The implantation rates of embryos from the two groups are shown for all patients in Table IV , and for patients who had a positive urinary HCG 14 days post embryo transfer in Table  V . There were no significant differences between the EBSS and Medi-Cult groups, either among all patients or among only those with positive HCG, in terms of the number of embryos that formed a gestation sac, a fetal heart, or a live infant.
Discussion
The use of commercially prepared media is increasingly widespread in all aspects of assisted conception, with a number of products now available for procedures ranging from egg collection, embryo culture and semen separation, to semen and embryo cryopreservation. Although the increased use of commercial products has largely been due to practical and economic considerations, since the preparation of a number of different media 'in-house' can be very labour-intensive and requires expensive equipment, there is also a powerful argument in favour of better quality control with commercial mass production than is possible in small institutions. Autocontrolled studies have been undertaken, comparing first, 'inhouse' and commercially prepared media (Staessen et al., 1994) , and second, three different commercially-prepared media (Staessen et al., 1998) . These have shown no differences between the media tested, in terms of fertilization rates and implantation rates, or in embryo morphology. However, these studies are limited by the fact that while each medium was based on Earle's balanced salt solution, they all differed considerably, yet in undefined ways, in composition, for example in terms of the presence or absence of supplementary metabolites, DNA-RNA precursors, vitamins and amino acids. The present study compares fertilization and cleavage rates, embryo morphology and implantation rates in comparable cycles of therapeutic IVF undertaken using either 'in-house' prepared EBSS or the nearest commercial equivalent, Medi-Cult. The two media differ in composition only in the supplementary antibiotics, sodium pyruvate concentration and protein used.
The only statistically significant differences identified between the two groups were in the number of cycles with failed fertilization, and in the cleavage rate of embryos that developed 2PN. Thus, more cycles resulted in failed fertilization when oocytes were inseminated in Medi-Cult than in 1845 EBSS, despite insemination with apparently normal spermatozoa, and pronucleate stage embryos underwent the first two cleavage divisions more rapidly in Medi-Cult than in EBSS.
Regarding the former, total failure of fertilization in either culture medium is difficult to explain. Although idiopathic failed fertilization in IVF has been well documented, and in the majority of cases fertilization is achieved in a subsequent cycle (Molloy et al., 1991) , the significant difference in the incidence of this phenomenon between the two culture media used in the present study must be evaluated. Of the 10 couples whose cycles resulted in failed fertilization in Medi-Cult, six achieved fertilization and embryo transfer in their subsequent treatment cycle; a further three cycles were abandoned because of poor ovarian response, while the final couple did not return for further treatment. When the three couples with failed fertilization and subsequent poor ovarian response are excluded from the analysis, on the assumption that the oocytes produced in the study cycles were of poor quality, the difference between the incidence of failed fertilization in the two culture media becomes insignificant (P ϭ 0.14; χ 2 test).
However, this interpretation of the findings is only valid if the Medi-Cult group included more cycles than the EBSS group with low numbers of oocytes, that were presumably 'poor quality', and had a reduced potential for fertilization, even following insemination with normal spermatozoa (Van Blerkom, 1994) . Analysis of the two groups does not support this premise; both groups had 34 cycles with four or fewer oocytes, and this is not significant (P ϭ 0.91; χ 2 test). Similarly, the number of cycles with only one or two oocytes was 11 and nine in EBSS and Medi-Cult respectively, and again this difference is not significant (P ϭ 0.83; χ 2 test).
Regarding cleavage rate, it has been suggested that embryos that cleave to the 4-cell stage by 48 hpi have a higher implantation potential than embryos that cleave more slowly (Bolton et al., 1989; Giorgetti et al., 1995) . Thus, in view of the results reported above, it might be expected that the implantation rate following embryo transfer in the Medi-Cult group would be higher than that in the EBSS group. However, this study showed no significant difference between the implantation rate of embryos cultured in Medi-Cult compared with those cultured in EBSS (14.5 and 11.1% respectively; Table IV ).
In conclusion, it would seem that the use of the commercially available preparation of EBSS (Medi-Cult IVF Medium) as an alternative to 'in house' prepared EBSS does not result in an alteration in the rate of successful outcome of IVF, as measured in terms of clinical pregnancy rate per cycle. The practical benefits of using an 'off the shelf' product almost certainly outweigh any disadvantages that may arise through a possible, but very slight increase in the rate of idiopathic failed fertilization.
